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Dynamics induced by a change of boundary conditions reveals rate-dependent signatures associated with
topological properties in one-dimensional Kitaev chain and SSH model. While the perturbation from a change
of the boundary propagates into the bulk, the density of topological edge modes in the case of transforming to
open boundary condition reaches steady states. The steady-state density depends on the transformation rate of
the boundary and serves as an illustration of quantum memory effects in topological systems. Moreover, while a
link is physically broken as the boundary condition changes, some correlation functions can remain finite across
the broken link and keep a record of the initial condition. By testing those phenomena in the non-topological
regimes of the two models, none of the interesting signatures of memory effects can be observed. Our results
thus contrast the importance of topological properties in boundary-induced dynamics.
I. INTRODUCTION
The discovery of topological insulators and other materials
exhibiting topological properties in their band structures has
opened a growing research field (see Refs. 1–5 for a review).
Due to the bulk-edge correspondence, a nontrivial topological
invariant in the bulk indicates localized edge modes that only
appear in the presence of boundaries. Interesting transport
properties can then arise from those edge modes. In addition
to electronic systems, topological systems have been realized
in ultracold atoms in optical potentials6–8 and photonic and
phononic systems9,10.
Recently there has been growing interest in studying
nonequilibrium behavior of topological systems. For exam-
ple, dynamics of topological superconductors in one and two
dimensions undergoing a global quench of interactions re-
veals decaying topological quantities11, and a Chern insulator
experiencing a global interaction quench is expected to ex-
hibit edge currents12. There have also been studies on other
topological systems after global quenches of parameters13–15
or piecewise local quenches16. Here we explore dynamics
of topological models after boundary conditions are changed
from periodic to open and vice versa. In the absence of topo-
logical properties, different boundary conditions should not
cause observable effects in a large system. This is not the
case for topological systems possessing edge modes that only
emerge if there are boundaries. The emergence and disappear-
ance of edge modes when boundary condition changes is the
main theme of this work.
Two paradigmatic one-dimensional (1D) topological mod-
els will be implemented to demonstrate interesting dynam-
ics induced by a change of boundary conditions. The Ki-
taev model17 exhibits Majorana-fermion states and describes a
topological superconductor. The Su-Schrieffer-Heeger (SSH)
model18 was originally proposed as a model for electronic
transport in polyacetylene, and its topological properties are
summarized in Refs. 4 and 5. The Zak phase of the SSH
model has been measured using cold-atoms19. According to
the classification of topological insulators20, the Kitaev model
belongs to the symmetry class D and the SSH model belongs
to the class AIII. Therefore, the Kitaev model has particle-
hole symmetry with p-wave pairing while the SSH model has
sublattice (or chiral) symmetry.
In both models we found the densities of edge modes
reach steady-state values after the boundary condition trans-
forms from periodic to open. Steady-state behavior in non-
topological systems lacking interaction and dissipation has
been reported21, and here it is observable in the edge-mode
dynamics of topological models. Another interesting feature
of the edge mode dynamics studied here is the emergence of
memory effects, where the rate of boundary transformation is
recorded in the steady-state density of edge modes. Here we
emphasize the quantum nature of the memory effects and will
call them quantum memory effects. In different models the
dependence of the steady-state density on the rate of boundary
transformation can be different. Memory effects have been
proposed in noninteracting quantum systems possessing inter-
esting properties such as a tunable bound state22, a geometric
flat-band21, or rate-dependent hysteresis23. Here we show that
memory effects from pure quantum dynamics should also be
observable in edge-mode dynamics of topological models.
Moreover, certain correlations can remain finite across a
link that is physically broken after the boundary condition
changes if the systems are in the topological regimes. This
is because of the initial intra-cell correlations that survives
the change of boundary condition. In contrast, the correla-
tions will be shown to simply decay to zero across a broken
link if the system is topologically trivial. Therefore, topolog-
ical models are capable of retaining correlations in dynamics.
Since experimental realizations of the Kitaev and SSH mod-
els are possible, we will briefly summarize their experimental
implications.
The paper is organized as follows. Sec. II briefly summa-
rizes the Kitaev and SSH models and the formalism for inves-
tigating their dynamics, along with suitable initial conditions.
Sec. III presents the dynamics of the Kitaev and SSH models
after a change of boundary conditions. Evidence of quantum
memory effects will be found in the edge modes, and topo-
logical effects will be contrasted by the results from the topo-
logically trivial counterparts. Sec. IV concludes our study.
Details of the two models and their analyses are summarized
in the Appendix.
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2II. THEORETICAL BACKGROUND
A. Kitaev model
The Hamiltonian of the 1D Kitaev model is given by
HK =
N∑
j=1
[
− wj(c†jcj+1 + c†j+1cj)− µjc†jcj +
∆jcjcj+1 + ∆
∗
jc
†
j+1c
†
j
]
. (1)
Here we assume the system is arranged so that the (N + 1)-
th site coincides with the first site. In our study we choose
µi = µ to be a uniform constant. The lattice constant a is
taken as the unit of length. We assume that
wj =
{
w0, j 6= N ;
w(t), j = N ;
∆j =
{
∆0, j 6= N ;
∆(t), j = N.
(2)
Here w0 and ∆0 are constants while w(t) and ∆(t) are func-
tions of time allowing one to change the boundary conditions.
In this work we take the linear form w(t) = w0(1 − t/tq)
and ∆(t) = ∆0(1 − t/tq) for 0 ≤ t ≤ tq and w(t) = 0 and
∆(t) = 0 for t > tq to model a transformation from periodic
boundary condition (PBC) to open boundary condition (OBC)
with a characteristic time tq . Similar considerations also al-
low the system to transform from OBC to PBC. We note that
Ref. 24 has studied global reactions to local changes in spin
chains by switching a few links, but the system remains peri-
odic.
It is known3,17 that the Kitaev chain is topologically non-
trivial when 2|w| > |µ|. In this case, an open chain with an
even number of sites has two zero-energy modes located at the
two ends of the chain. On the other hand, when 2|w| < |µ|,
the Kitaev chain is topologically trivial and there is no zero-
energy edge modes in an even-numbered open chain. Details
of the topological property of the Kitaev model are summa-
rized in Appendix A.
1. Time evolution and initial condition
The quantum dynamics can be obtained from the equation
of motion in the Heisenberg picture (~ ≡ 1)
dcj
dt
= −i[cj , HK ]. (3)
We define the following correlation functions to characterize
the dynamics
G11ij = 〈S0|cicj |S0〉, G12ij = 〈S0|cic†j |S0〉, (4)
G21ij = 〈S0|c†i cj |S0〉, G22ij = 〈S0|c†i c†j |S0〉. (5)
Here |S0〉 is the initial quantum state, and in the following we
will skip the label S0 if there is no ambiguity. It is more con-
venient to transform to the Majorana fermion representations.
Assuming that ∆j is real for any j, we introduce the Majorana
fermion operators a2j−1 = cj + c
†
j , a2j = −i(cj − c†j) and
the Hamiltonian becomes
HK =
i
2
N∑
j=1
[−µja2j−1a2j + (∆j + wj)a2ja2j+1 +
(∆j − wj)a2j−1a2j+2]. (6)
The evolution of the equal time correlations 〈aiaj〉 can be ob-
tained accordingly. The density on site i and current are
ni = 〈c†i ci〉, Ii,i+1 = 2wiIm〈c†i ci+1〉. (7)
Here the current is from site i to site i + 1. From the details
shown in Appendix A, all those physical quantities can be ex-
pressed in terms of 〈aiaj〉.
The equations of motion need to be supplemented with
proper initial conditions. In Appendix A we present analytic
and numerical methods for obtaining suitable initial quantum
states with open or periodic boundary condition. The initial
state is half-filled and in the ground state, and then the system
evolves accordingly.
2. Topological edge mode
Since the Kitaev model with 2|w| > |µ| is topologically
nontrivial, an edge mode emerges as an eigenstate with OBC.
The edge mode wavefunction satisfies the eigen-equation,
Eq. (A11) in the Appendix, with k = 0 and Ek=0 = 0. Thus,
(φ0)j = C1
(√w2 −∆2
w + ∆
)j
sin(jθ), (8)
(ψ0)j = C2
(√w2 −∆2
w + ∆
)L+1−j
sin[(L+ 1− j)θ]. (9)
Here C1,2 are normalization factors and θ = pi −
tan−1
(√
4w2 − µ2 − 4∆2/µ
)
. The edge-mode creation
and annihilation operators can be constructed by using
Eq. (A14) with k = 0. Note that in terms of Majorana
fermions there are two edge modes located at the two ends
of the chain. However, the two Majorana fermions will com-
bine into one ordinary-fermion edge mode. The edge mode
density corresponds to the occupation of the edge mode and
can be obtain from Eq. (A15) with k = 0.
B. SSH model
The Hamiltonian of the SSH model18 is given by
HS =
N∑
i=1
[−wi(c†A,icB,i + c†B,icA,i)− vi(c†A,i+1cB,i +
c†B,icA,i+1) + (µic
†
A,icA,i − µic†B,icB,i)]. (10)
Here A,B label the two sublattices. When wi = w, vi = v,
and µi = 0 for all i, the system is topologically non-trivial if
v 6= w because the Zak phase19, or equivalently the winding
number5, is finite. Moreover, the Zak phase changes signs
3from v > w to v < w. By including additional hopping
or onsite terms, Ref. 25 shows rich topological properties of
generalized SSH models.
We will consider the last inter-cell hopping coefficient to be
time dependent with
vj =
{
v, j 6= N.
v(t), j = N.
(11)
Here we consider v(t) to be a linear transformation with a
characteristic time tq . The dynamic equations can be de-
rived from dcjdt = −i[cj , HS ]. The exact time evolution of
the equal-time correlation function 〈c†A/B,icA/B,j〉 can be ob-
tained and monitored in computer simulations. The initial
state is half-filled and placed in the ground state with the cor-
responding boundary condition. Details of the initial condi-
tion is summarized in Appendix B.
1. Topological edge modes
For the SSH model with an even number of sites and open
boundary condition4,5, there can be two edge modes if w > v
or no edge mode if w < v. Moreover, the edge modes survive
in the presence of alternating onsite energies, but their ener-
gies are no longer pinned at zero. In the topological regime
with alternating onsite energies µ and −µ, the wavefunctions
of the two edge modes expressed in terms of the annihilation
operators are given by
ψ1 = C1
∑
n
(
− w
v
)n−1
cA,n,
ψ2 = C2
∑
n
(
− w
v
)N−n
cB,n. (12)
They correspond to the eigen-energies µ and−µ, respectively.
Here C1,2 are normalization factors.
III. RESULT AND DISCUSSION
A. Boundary-induced dynamics of Kitaev model
For the 1D Kitaev model in the topological regime, we
choose µ/w = 0.3 and ∆/w = 0.1, and use t0 = ~/w as
the time unit. We present the results for N = 128 sites, and
the results are not sensitive to the number of sites if it is rea-
sonably large and even. In Figs. 1 and 2 we show the results
for the time evolution from closed boundary condition to open
boundary condition. The transformation of the link between
site-1 and site-N is assumed to be linear in time with a tunable
characteristic time tq .
As shown in Fig. 1 (a) and (b), the perturbation due to
the change of boundary condition propagates with a light-
cone structure into the bulk. We found that the propaga-
tion speed is close to the maximal group velocity of the
Kitaev model. The excitation energy follows the spectrum
Figure 1. Time evolution of the density ((a) for a 3D view and (b) for
a top view) and the correlation Re〈cici+1〉 (c) of the 1D Kitaev model
as the system transforms from periodic to open boundary condition.
The propagation speed is estimated as ∆L/∆t. Here µ/w = 0.3,
∆/w = 0.1, tq/t0 = 10, and N = 128.
Ek =
√
ξ2k + 4|∆|2 sin2 k with ξk = −2w cos k − µ. Fol-
lowing Refs. 26 and 27, the group velocity can be found from
vk = ∂Ek/∂k. For the parameters µ/w = 0.3, ∆/w = 0.1,
4Figure 2. The left panel shows the time evolution of the edge mode
density for selected ramping times tq/t0 = 5, 10, 15, respectively.
Here µ/w = 0.3, ∆/w = 0.1, andN = 128. The right panel shows
the final edge mode density nf as a function of the ramping time tq .
The inset of the right panel plots y = ln(1−nf ) vs. x = (tq/t0)1/2
and the red curve is a linear fit.
and lattice constant a, the maximal group velocity is vkm ≈
1.87(a/t0), which is very close to the slope of the light cone
observed in Figure 1 (b). As ∆ increases, vkm decreases. We
have verified that the observed light-cone propagation speed
of the density and correlation profiles also decreases with in-
creasing ∆, and the value agrees reasonably with the maximal
group velocity.
After a transformation from periodic to open boundary con-
dition, two end-points appear and as a consequence, an edge
mode should arise at the boundaries. Figure 2 shows the rising
of the edge mode density. There are two important features.
First, the density of the edge mode reaches a steady state ex-
hibiting a plateau after the transformation is completed. The
steady state allows us to unambiguously identify memory ef-
fects in the growth of the edge mode, which is the second fea-
ture. As the ramping time tq gets longer, the edge mode has
higher steady-state density. Such a dependence shows that the
steady state of the edge mode is sensitive to the rate of the
boundary change, and this is a manifestation of memory ef-
fects.
We emphasize that the isolated and noninteracting system
considered here is not expected to equilibrate. The edge mode
reaches a steady state because it is an eigenstate of the final
Hamiltonian with open boundary condition, so its population
remains after the boundary transformation is completed. In
the right panel of Figure 2, we plot the steady-state value of
the edge mode density nf as function of the ramping time tq .
Within the range we explored, nf is exponentially approach-
ing 1 as tq increases. In the inset, we plot ln(1 − nf ) against
(tq/t0)
1/2, and it basically follows a straight line and confirms
the exponential dependence.
Here we give pictorial explanations of the steady state and
memory effect. A full analytical analysis is hindered by a lack
of the full expressions of the eigenstates with open boundary
condition. The steady state of the edge mode is because, after
the boundary transformation is completed, the edge mode is
an exact eigenstate of the final Hamiltonian with open bound-
ary condition. The unitary evolution afterwards thus keeps the
occupation of the edge mode intact, so a steady state emerges.
We can consider two extreme cases: For a very short ramp-
Figure 3. Time evolution of (a) density and (b) Re〈cici+1〉 of the 1D
Kitaev model from open to periodic boundary condition for tq/t0 =
10. Here µ/w = 0.3, ∆/w = 0.1, and N = 128.
ing time, one would expect, from the sudden approximation,
that the the initial state is almost intact and the densities of
the final eigenstates are found to be projections of the initial
state. Since the edge mode was absent in the initial configu-
ration, the projection leads to a small overlap and this implies
a small steady-state density. On the other hand, for a very
large ramping time tq , we are practically in the adiabatic limit
where tq → ∞. Then the initially occupied eigenstate at half
filling will smoothly evolve into the edge mode and the final
density approaches 1. For arbitrary finite tq , the resulting nf
will be somewhere in between those two extremes.
Memory effects usually arise if there are competing time
scales. For example, a competition of driving period and re-
laxation time leads to rate-dependent hysteresis, which is an-
other manifestation of memory effects (see Ref. 23 and ref-
erences therein). Here the intrinsic time scale is the hopping
time determined by w. The edge mode is special in the sense
that it is inside the energy gap between the two bands and
brings a different energy scale. Filling or emptying the edge
mode is at a different time scale compared to the continuum,
so different transformation times lead to different final edge-
mode densities.
5Figure 4. The left and right panels show the time evolution of the
edge mode density and the variance of the total current (in units
of 1/t20) of the 1D Kitaev model from open to periodic boundary
conditions for tq/t0 = 5, 10, 15, respectively. Here µ/w = 0.3,
∆/w = 0.1, and N = 128.
In Figs. 3 and 4, we show the time evolution from open
to periodic boundary conditions. The transformation of the
boundary is again assumed to be linear in time with a charac-
teristic time tq . In the initial state with open boundary condi-
tion, there is an edge mode and it should decay after the sys-
tem becomes periodic. Interestingly, the edge mode density
exhibits oscillatory behavior as shown in Fig 4. The lack of
steady-state behavior inhibits a search for memory effects in
this case because the edge mode is not an eigenstate of the fi-
nal Hamiltonian with periodic boundary condition. However,
we found that the variance of the total current in the whole
system is relatively small and this indicates the system closely
follows the averaged behavior.
To contrast the effects from topological properties, we also
present the evolution of the 1D Kitaev model in the topologi-
cally trivial regime by taking µ/w = 2.2 and ∆/w = 0.1. In
Figure 5 we show the results for a transformation from peri-
odic to open boundary conditions following a linear time de-
pendence with a tunable characteristic time tq . One important
difference between the topological and non-topological cases
is the different behavior of the correlation function Re〈cNc1〉
across the broken link. As shown in Fig. 5 (b), in the non-
topological regime the correlation Re〈cNc1〉 vanishes com-
pletely when the link is broken. In contrast, the correlation
decays but remains finite in the topological regime even af-
ter the link is physically broken, and one can observe this in
Fig. 1 (c).
One may understand the different behavior of the selected
correlation by resorting to the dimer picture of Majorana
fermions, where pairs of Majorana fermions form. Firstly,
Re〈cNc1〉 = i(〈a2Na1〉 + 〈a2N−1a2〉)/4. When we fo-
cus on the nearest-neighbor correlation between the Majorana
fermions, Re〈cNc1〉 reveals the correlation between a2N and
a1. Next, one may use two chosen sets of parameters to con-
trast the topological and topologically trivial cases. By choos-
ing µ = 0 with finite w = ∆ in the topological regime, the
Hamiltonian shown in Eq. (6) only has Majorana pairs of the
type a2ja2j+1, which includes the pair a2Na1. Therefore, an
initially periodic system has correlations between the Majo-
rana fermions on the two side of the link that will be broken
after a boundary condition change. In contrast, in the topo-
Figure 5. The time evolution of (a) density and (b) Re〈cici+1〉 of the
Kitaev model from periodic to open boundary conditions for tq/t0 =
10. Note the correlation Re〈cNc1〉 decays to zero as shown in (b)
(the rising part shown at the rightmost site). The system is in the
topologically trivial regime with µ/w = 2.2, ∆/w = 0.1, and N =
128.
logically trivial regime one may choose w = ∆ = 0 with a
finite µ. Then, Eq. (6) only has terms like a2j−1a2j , so a2Na1
is not directly correlated. For general parameters in the two
regime, our numerical simulations confirm that the correla-
tion Re〈cNc1〉 in the steady state is finite in the topological
regime and vanishes in the topologically trivial regime, which
is another example of quantum memory effects of initial cor-
relations.
B. Dynamics of SSH model
For the SSH model,w is the hopping between the A site and
B site within one unit cell, and v is the hopping between the
B site and A site from two neighboring unit cells. The onsite
energies for A and B sites are µ and −µ, respectively. Here
for a chain with even number of sites we take v/w = 1.5 and
µ/w = 0.1 in the topological regime and use t0 = ~/w as the
time unit. We present results for systems with N = 128 site,
6and the conclusions are insensitive to the total site number. In
contrast to the edge mode of the 1D Kitaev model with open
boundary condition, the edge modes of the SSH model are
highly oscillatory in space in the initial state.
When µ = 0, the eigenstates with open boundary condition
are close to those with periodic boundary condition. Dynamic
signals from a boundary transformation are barely observable
on the density profile or correlation functions. In contrast, we
found clear dynamic signatures of topological properties with
finite values of µ. Due to the alternating µ on the two sublat-
tices, the density and current distributions for the A and B sites
are showing oscillating behavior, so here we show the result
on A sites to avoid over-crowded plots. The results for B sites
are very similar. In Figure 6 (a), we show the results from peri-
odic to open boundary conditions with a linear transformation
of the link connecting site 1 and site N with a characteris-
tic time tq . Similar to the Kitaev model shown in Fig. 1 (b),
the propagation of the perturbation into the bulk also shows
a light-cone structure on the evolution of density profile, and
we found that the propagation speed is roughly the maximal
group velocity of the system.
Figure 6 (b) shows the evolution of the density profile from
open to periodic boundary conditions. In this case the edge
modes are initially present, but they decay away in the time
evolution. By inspecting the density and current profiles, it is
not easy to identify features distinguishing the two types of
boundary changes. However, if we focus on the dynamics of
the edge modes, visible differences can be observed.
From Eq. (12), the edge mode creation operator can be ex-
pressed as a superposition of the fermion operators on differ-
ent sites. The edge mode density, which reflects the occupa-
tion of the edge mode, can be expressed as a superposition of
the time-evolved correlation matrix 〈c†i cj〉. By analyzing the
density of the edge mode, we found the edge-mode density ex-
hibits steady-state behavior as shown in Fig. 7 for both types
of boundary changes. The steady-state values of the edge-
mode density allow us to identify memory effects from the
boundary-induced dynamics although the oscillations around
the steady-state values are smaller in the case transforming to
open boundary condition. The steady-state values of the case
transforming from periodic to boundary conditions shown in
Fig. 7 (a) depend explicitly on tq , while the steady-state values
of the other transformation shown in Fig. 7 (b) are insensitive
to tq . The rate-dependent edge-mode density in the former
case again serves as evidence that quantum memory effects
can be found in topological systems, while there is no mem-
ory effect in the latter case.
When compared with the Kitaev model transforming from
periodic to open boundary conditions, one can see that the
steady-state value of the edge mode density increases mono-
tonically with tq in the Kitaev model, but the dependence is
non-monotonic in the SSH model as one can see in the inset
of Fig. 7 (a). One may view the alternating onsite energies±µ
of the SSH model as an internal bias, which can further tune
the dynamics. Such a feature is absent in the Kitaev mode be-
cause the onsite energy is uniform. We have checked that the
behavior of the edge-mode density of the SSH model depends
on µ, and as µ→ 0 the steady-state values are too small to be
Figure 6. Time evolution of the density profile on the A-sublattice
for transforming (a) from periodic to open boundary condition and
(b) from open to periodic boundary condition. Here tq/t0 = 10,
v/w = 1.5, µ/w = 0.1, and N = 128. The density profile on the
B-sublattice has a similar structure.
discerned.
In Figure 8 we show the time evolution of the correlation
function Im〈c†Nc1〉 when the system transforms from periodic
to open boundary conditions with two different ratios of v/w.
An open chain with even number of sites and v/w > 1 sup-
ports two edge modes and is in the topological regime while
one with v/w < 1 does not have any edge mode and is in
the non-topological regime. For the former case, we choose
v/w = 1.5 while for the latter case, we choose v/w = 0.5 in
Fig. 8. The onsite energies are ±µ/w = ±0.1 for both cases.
The link between siteN and site 1 is broken after the transfor-
mation, and the correlation Im〈c†Nc1〉 for the non-topological
case (the case without any edge mode) decays to zero as ex-
pected, but the correlation remains finite for the topological
case. We have checked the correlation remains the same for
much larger system sizes and confirmed the finite correlation
is not a finite-size effect.
7Figure 7. Time evolution of the left edge mode density when the
system transforms from periodic to open boundary conditions (left
panel) and from open to periodic boundary conditions (right panel)
for tq/t0 = 5, 10, 15, respectively. The inset shows the steady-state
density (s. s. density) as a function of tq for the case from periodic
to open boundary conditions. Here v/w = 1.5, µ/w = 0.1, and
N = 128.
The finite correlation in the topological regime is again due
to the initial inter-cell pair, and it is another manifestation of
memory effects in topological systems. One may understand
this by analyzing the limitw = 0 with a finite v in the topolog-
ical regime. In this case, pairs are localized across each v-link
and we can focus on the pair that will be separated in the trans-
formation. We may treat the left and right sites of the pair as
the two components of a pseudo-spinor. Then the system is
similar to the problem of a quantum particle in a double-well
potential and the Hamiltonian is H = µσz + v(t)σx, where
σx,y,z are the Pauli matrices. The solution to i∂tχ = Hχ
is formally written as χ(t) = exp(−iT ∫ tH(t′)dt′)χ(0),
where χ is a two-component spinor and T denotes time-
ordering. Then Im〈c†1cN 〉 = χ†(t)iσyχ(t) is associated with
the accumulated dynamic phase when v(t) is reduced to zero.
In contrast, in the other limit v = 0 with a finite w in the non-
topological regime, the pairs are across those w-links. In this
case cutting a v link has no effects on Im〈c†1cN 〉 and it should
remain zero after the transformation. Our numerical results
confirm the emergence of memory effect in the selected cor-
relation function.
The observation of quantum memory effects in topologi-
cal models provides another example of how noninteracting
quantum systems can support interesting dynamic phenom-
ena. Quantum memory effects, however, are not unique to
topological systems. When compared to previous studies uti-
lizing a tunable bound state22, a flat-band of dispersionless
states21, a competition between the characteristic times of
driving and dissipation23, the memory effects in the topolog-
ical models discussed here offer an additional realization for
retaining information of dynamics.
C. Experimental implications
The Kitaev model has inspired experimental searches of
Majorana fermions in condensed matter systems. For exam-
ple, superconductor-semiconductor nanowire devices28 and
superconductor-ferromagnetic chain systems29 are promising
Figure 8. Time evolution of Im〈c†Nc1〉 of the SSH model from peri-
odic to open boundary conditions for the case with two edge modes
(black) and the case with no edge mode (red). The parameters are
v/w = 1.5 (v/w = 0.5) for the topological (non-topological) case
with µ/w = 0.1. The topological case retains a finite correlation
while the correlation in the non-topological case decays to zero. Here
tq/t0 = 10 and N = 128.
systems for realizing the model. Since those solid-state de-
vices can be engineered, we envision a ring-shape device with
a tunable link may be fabricated for simulating the phenomena
discussed here.
The SSH model, on the other hand, has been realized us-
ing cold-atoms and optical superlattices19. However, cold-
atom systems are usually tubes of atomic clouds and may not
be suitable for investigating properties with periodic bound-
ary condition. By using a rapid painting potential, ring-shape
optical lattices have been realized30. Future modifications of
the painting-potential technique may allow the dynamics dis-
cussed here to be simulated. As discussed in Ref. 31, direct
observations of edge modes in cold-atom systems can be chal-
lenging, but techniques like the quantum-gas microscope32
may help resolve the density distribution.
Since correlation functions such as Re〈cjcj+1〉 of the Ki-
taev model or Im〈c†jcj+1〉 of the SSH model are useful in
identifying memory effects, measurements of those corre-
lations are highly desired but they can be challenging as
well. One possible way is to measure the time evolution
of the density correlation 〈njnj+1〉 − 〈nj〉〈nj+1〉. From
Wick decomposition33, pairwise correlations such as 〈c†jcj〉
and 〈cj+1cj〉 will be included in 〈njnj+1〉, and the dom-
inant density-density contribution 〈nj〉〈nj+1〉 is subtracted.
The correlations without memory effects contribute to a back-
ground while the correlations with memory effects may ex-
hibit observable rate dependence.
Therefore, boundary-induced dynamics in topological
models may still be testable in future experiments with quan-
tum technologies. We caution that dissipation from the en-
vironment will eventually relax the system into thermal equi-
librium and wash out any dynamic signature in the long-time
limit. Measurement of the steady state and memory effect
should be performed immediately after the boundary transfor-
8mation.
IV. CONCLUSION
We have shown, by tuning only one link in 1D topo-
logical models like the Kitaev chain or the SSH model to
change boundary conditions, interesting dynamical phenom-
ena emerge. The edge modes exhibit steady-state behavior
and allow us to identify quantum memory effects in topolog-
ical systems when the boundary condition transforms from
periodic to open. Correlations across the link broken in the
transformation can remain finite in the topological regimes
and vanish in topologically trivial regimes. The boundary-
induced dynamics thus complements global quench dynamics
and reveals non-equilibrium behavior due to topological prop-
erties.
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Grant No. 11404228. C. C. C. thanks the Hellman Family
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Appendix A: Details of Kitaev model
This topological property of the Kitaev model can be char-
acterized by a bulk topological invariant called the Majorana
number, which is defined by Kitaev in his original paper17.
For a one-dimensional n-band non-interacting Kitaev chain,
the Hamiltonian can be expressed in terms of the Majorana
fermions as H = i4
∑
abBab(k)ck,ack,b. Here ck,a and ck,b
are annihilation operators of Majorana fermions with k de-
noting momentum and a, b = 1, · · · 2n labeling the n bands
(Note that grouping two Majorana fermions leads to one or-
dinary fermion), and the Majorana fermions are their own
antiparticles. Then the Majorana number is given by M =
sgn
(
Pf B(0)
)
sgn
(
Pf B(pi)
)
. Here Pf(X) is the Pfaffian of
the matrix X . It can be shown that the Majorana number is
equivalent to the number of the edge modes17.
The correlations of the original fermions can be expressed
in terms of the Majorana-fermion correlations 〈aiaj〉. One
can verify that 〈aiai〉 = 1 and 〈aiaj〉 is pure imaginary if
i 6= j. Thus, we define 〈aiaj〉 = iKij andKij satisfiesKij =
−Kji. For i 6= j,
〈cicj〉 = 1
4
[
− (K2i−1,2j +K2i,2j−1)
+i(K2i−1,2j−1 −K2i,2j)
]
, (A1)
〈c†i cj〉 =
1
4
[
− (K2i−1,2j −K2i,2j−1)
+i(K2i−1,2j−1 +K2i,2j)
]
. (A2)
Moreover,
〈cici〉 = 0, 〈c†i ci〉 =
1
2
[
1−K2i−1,2i
]
. (A3)
Periodic boundary condition — When the boundary con-
dition is periodic, the energy spectrum and eigenfunctions
can be found analytically in momentum space by introduc-
ing the lattice Fourier transform cj = 1√N
∑
n cke
ikj and
c†j =
1√
N
∑
n c
†
ke
−ikj . Here k = 2piN n with integer n in the
range−N/2 + 1 ≤ n ≤ N/2. For convenience, we take N as
an even number. Then the Hamiltonian with µj = µ0 for all j
becomes
HK =
∑
k>0
[
ξkc
†
kck + ξkc
†
−kc−k
+2i∆0 sin kc−kck − 2i∆∗0 sin kc†kc†−k
]
(A4)
with ξk = −2w0 cos k − µ0. It can be diagonalized by the
Bogoliubov transformation
ck = ukak + vka
†
−k, c
†
k = uka
†
k + v
∗
ka−k. (A5)
Here we assume that uk is real and vk is complex. Then,
uk =
√
Ek + ξk
2Ek
, vk = ie
iφsgnk
√
Ek − ξk
2Ek
. (A6)
Here φ is the phase of ∆0 = |∆0|eiφ and sgnk is the sign of
k. We also define Ek =
√
ξ2k + 4|∆0|2 sin2 k.
Then the ground state satisfying ak|S0〉 = 0 leads to the
correlation functions (a, b denote the sites)
G11ab =
∑
k
eik(a−b)ukv−k, G12ab =
∑
k
eik(a−b)u2k, (A7)
G21ab =
∑
k
e−ik(a−b)|vk|2, G22ab =
∑
k
eik(a−b)ukv∗−k.(A8)
Open boundary condition — For the open boundary case,
there is no translational invariance. This makes it difficult to
simplify the problem by transforming to momentum space.
Instead, we will closely follow the method in Ref. 34, which
implements a Bogoliubov transformation in real space. The
Hamiltonian can be written in the form
HK =
∑
i,j
[
c†iAijcj +
1
2
(c†iBijc
†
j − ciBijcj)
]
. (A9)
Here A is a Hermitian matrix and B is an anti-symmetric ma-
trix. For the Kitaev model with uniform parameter, Aij =
−µ0δij − w0(δi,j+1 + δi+1,j) and Bij = −∆0δi,j+1 +
∆0δi+1,j . We introduce the quasi-particle annihilation and
creation operators
ηk =
∑
i
(gkici + hkic
†
i ), η
†
k =
∑
i
(gkic
†
i + hkici),(A10)
and define φki = gki+hki and ψki = gki−hki. By requiring
that ηk diagonalizes the Hamiltonian, we find that φki and ψki
satisfy
(A+B)ijφkj = Ekψki, (A−B)ijψkj = Ekφki.(A11)
Here Ek is the eigenvalues of the above matrices, not to be
confused with the superfluid quasi-particle dispersion. There-
fore, we can find φk from [(A−B)(A+B)]ijφkj = E2kφki.
φki can be chosen to be real and satisfy
∑
k φkiφkj = δij ,
9and the same is true for ψik. The Hamiltonian becomes
HK =
∑
k Ekη
†
kηk +
1
2 (
∑
iAii −
∑
k Ek).
The Majorana fermion operators can be expressed as
a2i−1 =
∑
k(φkiηk+φkiη
†
k) and a2i = i
∑
k(ψkiη
†
k−ψkiηk).
Then the correlation functions are given by 〈a2i−1a2j−1〉 =
〈a2ia2j〉 = δij and 〈a2i−1a2j〉 = −〈a2ja2i−1〉 =
i
∑
k φkiψkj . From the correlations of Majorana fermions,
one can find the correlation of original fermions as
G11ij = −
1
4
(∑
k
φkiψkj −
∑
k
φkjψki
)
, (A12)
G12ij =
1
4
(
2δij +
∑
k
φkiψkj +
∑
k
φkjψki
)
, (A13)
and similar expressions for G21ij and G
22
ij .
We can also express the quasi-particles creation and anni-
hilation operators in terms of the Majorana fermion operators
as
ηk =
∑
i
(φkia2i−1 + iψkia2i)/2,
η†k =
∑
i
(φkia2i−1 − iψkia2i)/2. (A14)
The density of quasi-particles ηk is given by
〈η†kηk〉 =
1
2
+
i
4
∑
ij
(
φkiψkj〈a2i−1a2j〉 − ψkiφkj〈a2ia2j−1〉
)
.
(A15)
Appendix B: Details of SSH model
The initial conditions of the SSH model can also be ana-
lyzed in a similar fashion.
Periodic boundary condition — Using lattice Fourier
transforms cA,j = 1√N
∑N
n=1 ake
ikj and cB,j =
1√
N
∑N
n=1 bke
ikj , the Hamiltonian with wi = w and vi = v
becomes
HS =
∑
k
ψ†k
[
dxσx + dyσy + µσz
]
ψk. (B1)
Here we define ψk = (ak, bk)T , dx = (w+v cos k), and dy =
v sin k. The Hamiltonian can be diagonalized by introducing
ak = ukη1k − v∗kη2k, bk = vkη1k + ukη2k, (B2)
uk =
√
Ek + µ
2Ek
, vk =
dx + idy√
d2x + d
2
y
√
Ek − µ
2Ek
. (B3)
Here Ek =
√
d2x + d
2
y + µ
2. Then the Hamiltonian becomes
H =
∑
k
(Ekη
†
1kη1k − Ekη†2kη2k). (B4)
We assume that the SSH chain is half filled, so the lower
band is fully filled and the upper band is empty. The equal-
time correlations are given by
〈c†A,icA,j〉 =
1
N
∑
k
|vk|2e−ik(i−j), (B5)
〈c†B,icB,j〉 =
1
N
∑
k
u2ke
−ik(i−j), (B6)
〈c†A,icB,j〉 = −
1
N
∑
k
ukvke
−ik(i−j), (B7)
〈c†B,icA,j〉 = −
1
N
∑
k
ukv
∗
ke
−ik(i−j). (B8)
Open boundary condition — For the SSH model with
open boundary condition, the Hamiltonian in the matrix form
is
HS,2i−1,2i−1 = µ, HS,2i,2i = −µ, (B9)
HS,2i−1,2i = H2i,2i−1 = w, (B10)
HS,2i,2i+1 = H2i+1,2i = v. (B11)
Here odd numbers label the A-sites and even numbers label
the B-sites. Then we can numerically find the m-th eigenvec-
tor φim corresponding to eigenvalueEm, where i = 1, · · · 2N
labels the components. Since the Hamiltonian matrix is sym-
metric, we can choose all the eigenvector to be real vectors.
In terms of the quasi-particle operator ηm =
∑
i φimci, the
Hamiltonian becomes
HS =
∑
m
Emη
†
mηm. (B12)
Then it is straightforward to evaluate the equal-time correla-
tion functions as
〈c†i cj〉 =
∑
Em<0
φimφjm. (B13)
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